Efficient synthesis of heteroleptic tris-cyclometalated Ir(III) complexes mer-Ir(C^N) 2 (trpy) (trpy = 2-(1H-[1,2,3]triazol-4-yl)pyridine) is achieved by using the Cu(I)-triazolide intermediates formed in "click" reactions as transmetalating reagents. Ligand preparation and cyclometalation of Ir(III) is accomplished in one pot. The robust nature of click chemistry provides opportunities to introduce different functional groups to the cyclometalated system, for example alkyl, perfluoroalkyl and aryl moieties. All the meridional isomers show short-lived phosphorescence at room temperature, both in solution and in the solid state. DFT calculations indicated that the phosphorescence of mer-Ir(C^N) 2 (trpy) is attributed to the 3 MLCT and 3 LC mixed excited states, also supported by the broad spectral shape and hypsochromic shift upon media rigidification.
Introduction
Phosphorescence-based organic light emitting diodes (OLEDs) have drawn significant attention due to their ability to harvest both singlet and triplet excitons for electroluminescence. 1 Cyclometalated iridium(III) complexes stand out as the most promising high performance emitters due to their strong Ir-C bonds, which ensure good photo and thermal stability and destabilize the thermally accessible, non-emissive metal centered (MC) states. 2 This family of complexes exhibits favorable photophysical properties, such as high quantum efficiency, short excited state lifetimes, and, most importantly, tunable emission colors. The triplet emission originates from a mixture of metal-to-ligand charge transfer ( 3 MLCT) and ligand centered ( 3 LC) excited states. This strong coupling between the d-orbitals of iridium and the π-orbitals of the ligands allows facile color tuning through the cyclometalating and ancillary ligands 3, 4 Aside from their appealing applications as OLEDs, cyclometalated compounds can also be used in lightemitting electrochemical cells (LECs), 5,6 and as chemical sensors 7-11 and bioimaging labels. [12] [13] [14] [15] [16] Therefore, efficient and versatile synthetic methods that allow access to a library of cyclometalated compounds will greatly facilitate the screening process for various applications.
Bis-and tris-cyclometalated Ir(III) complexes are commonly synthesized from chloro-bridged Ir(III) dimers [Ir(C^N) 2 Cl] 2 , which can be readily prepared from IrCl 3 ·nH 2 O and cyclometalating ligands. Thompson et al. reported the first selective synthesis of mer and fac isomers by controlling the reaction temperatures, 17 which stimulated studies on differentiating the photophysical properties of the two isomers. More recently, µ-hydroxy-bridged Ir(III) dimers and solvated monomeric Ir(III) precursors have also been used to achieve fac/mer selectivity under mild reaction conditions. 18 potential transmetalating reagents to "click" the in-situ generated triazole ligands onto metal centers, which is the critical step in the synthesis of cyclometalated iridium compounds. 1,4-disubstituted 1,2,3-triazole derivatives prepared by "click" chemistry have been recently investigated as ligands for a variety of transition metals. This family of so called "click ligands"
shows versatile coordination modes when combined with other functional groups. For example, they can act as N^N and N^N^N multi-dentate donors for Ru(III), [30] [31] [32] Pt(II), 33, 34 Ir(III) ( Figure   1A ) 30, 35, 36 and other transition metals 37 as bipyridine and terpyridine equivalents. The resulting coordination complexes have potential applications as light-emitting materials 35 and in LECs. 38 Gandelman et al. developed a family of 1,2,3-triazole-based pincer ligands that react with Na 2 PdCl 4 or (COD)PtCl 2 (COD = cyclooctadiene) to give cyclometalated Pd(II) and Pt(II) complexes, compound B in Figure 1 . [39] [40] [41] Schubert et al. reported a series of bis-cyclometalated Ir(III) complexes using 4-phenyl-1H-[1,2,3]triazoles as cyclometalating ligands ( Figure 1C ). 36 It is important to note that all these 1,2,3-triazole type ligands were synthesized, isolated and purified separately before the cyclometalation was performed.
Herein, we present a highly efficient one-pot procedure to synthesize heteroleptic triscyclometalated Ir(III) complexes, ligated by derivatives of 2-phenylpyridine (ppy) and 2-(1H-[1,2,3]triazol-4-yl)pyridine (trpy) ligands. The Cu(I)-triazolide intermediates formed in the 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57 58 59 60 reaction of organoazides and commercially available 2-ethynylpyridine was used to transmetalate trpy as the third cyclometalating ligand on to the Ir(III) center.
Results and Discussion

Synthesis and structural characterization
Scheme 1 represents the general route to prepare tris-cyclometalated Ir(III) complexes using the in-situ generated Cu(I)-triazolides (1) as transmetalating reagents. 2-Ethynylpyridine was treated with stoichiometric Cu(MeCN) 4 PF 6 in THF in the presence of NaH and Et 3 N, before the addition of 1-azidohexane. 1 H-NMR spectra of the reaction mixture showed that the cyclization was very efficient and usually proceeded to completion within one hour at room temperature. To the organocopper compound containing mixture was added [Ir(ppy) 2 Cl] 2 or [Ir(FFppy) 2 Cl] 2 (FFppy = 2-(2,4-difluorophenyl)pyridine) at room temperature and then heated to 65 °C for 4 hours. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Crystalline Ir(ppy) 2 (trpy) (2a) and Ir(FFppy) 2 (trpy) (2b) were isolated in moderate to high yields, after purification by column chromatography. In order to maximize the yield of either 2a or 2b, it was essential to prevent intermediate 1 from being quenched by other electrophiles before the transmetalation reaction could occur. Therefore, a strong base, such as sodium hydride, was used as an efficient proton scavenger.
The tolerant and robust nature of the click reaction provides an ideal route to introduce different functional groups to the cyclometalated system. Alkyl, perfluoroalkyl and aryl azides, readily prepared from the respective halides in one step, were tested in this case. The 1,3-dipolar cycloaddition and subsequent transmetalation proceeded smoothly to give compounds 3a-5a in high yields (> 80%). We attribute the slightly lower isolated yield of compound 5a to repeated purification procedures. All the isolated compounds exhibit good solubility in common organic solvents, such as tetrahydrofuran, dichloromethane and toluene.
The tris-cyclometalated compounds obtained by this approach are expected to be meridional isomers. The pyridyl nitrogen atoms adopt a trans configuration in the dimeric Ir(III) precursors as confirmed by X-ray crystallography. 18 This coordination geometry has been proven to be stable and able to survive relatively harsh reaction conditions. Therefore, we hypothesized that the tris-cyclometalated Ir(III) complexes obtained would be meridional. 20 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Two representative compounds, 2a and 2b, were characterized by X-ray crystallography, using single crystals obtained from slow evaporation of respective dichloromethane/hexane solutions. Both compounds crystallize in the monoclinic space group P2 1 /c, as racemates of the ∆ and Λ enantiomers/helimers. Only the thermal ellipsoid plots of the ∆ isomers are depicted in Figure 2 for simplicity. Details of the data quality and a summary of the residual values of the refinements are listed in Table 1 , and selected bond lengths and angles are listed in Table 2 . Full tables of bond lengths, bond angles and atomic coordinates are provided in the supporting information.
Both tris-cyclometalated compounds adopt the meridional configuration, with the phenyl groups of the two ppy ligands mutually cis to each other. The in-situ generated trpy ligand completes the octahedral coordination sphere through the pyridyl nitrogen and triazolyl carbon at the 5-position. Compounds 2a and 2b are rare examples of crystallographically characterized complexes with the trpy ligands acting as C^N chelates, even though other binding modes have been reported before. 30, 38 The bond lengths and bond angles of 2a are consistent with values reported for other meridional Ir(III) complexes in the literature. As the X-ray structure of mer-Ir(ppy) 3 is not available in the Cambridge Structural Database (CSD), the averaged bond lengths of the ∆ and Λ isomers of mer-Ir(ppy) 2 (tpy) (tpy = 2-(p-tolyl)pyridine) 42 are used as references. The length of the Ir-C(ppy) bond trans to Ir-N(trpy) in 2a is 2.016(3) Å, which is comparable to its equivalent in mer-Ir(ppy) 2 (tpy) (2.010 Å). However, the Ir-C(ppy) bond trans to Ir-C(trpy) (2.053(4) Å) is shorter than that of the Ir-C(ppy) trans to Ir-C(tpy) (2.074 Å). Meanwhile, the Ir-C(trpy) bond (2.088(4) Å) is longer than the Ir-C(tpy) bond (2.074 Å). Such variation in bond lengths suggests that the Ir-C(ppy) and Ir-C(tpy) bonds have a stronger trans influence relative to Ir-C(trpy). In other words, trpy appears to be a weaker cyclometalating ligand than the ppy derivatives based on the bond length analysis. This is probably due to the strongly σ electron-withdrawing nature of the triazolyl group.
The structure of 2b resembles that of 2a, except that the asymmetric unit of 2b consists of two crystallographically independent molecules with little variation in individual bond lengths and bond angles ( Table 2 ). The average bond lengths of the mutually trans Ir-C(FFppy) (2.051 Å)
and Ir-C(trpy) (2.086 Å) bonds are the same as those observed in 2a, indicating little perturbation upon fluorination of the ppy ligand. The two Ir-N(FFppy) bonds trans to each other have slightly longer bond lengths than those of mer-Ir(FFppy) 3 . 43 The Ir-N(trpy) bond is elongated by roughly 0.13 Å in comparison with the trans Ir-N(FFppy) bonds. It is worth noting that a minor Ir(III)-containing product 6a was also isolated from the reaction mixture of 2a. High resolution mass spectra (HRMS) of the minor product revealed a parent ion of m/z = 731.2446 m/e, which is the same as that of 2a (m/z = 731.2498 m/e). The 1 H NMR spectrum of 6a appeared to be similar to that of 2a, with one additional peak as a sharp singlet at 8.75 ppm. Careful examination of the gCOSY NMR spectrum revealed that the ppy ligands and the pyridyl group of the trpy were intact and the extra proton giving rise to the new singlet was completely isolated. Addition of base to a solution of 6a had no effect on its 1 H NMR spectrum, excluding the possibility of 6a being a protonated version of 2a. . Based on these characterizations, this minor product was tentatively assigned as a cationic [Ir(ppy) 2 (N^N_trpy)] + complex similar to those reported in the literature. 30, 38 The counterion PF 6 was obtained from the reagent Cu(MeCN) 4 PF 6 . The formation of a similar minor product 6b (22%) was also observed during the synthesis of 2b. The 1 H NMR spectrum of 6b also showed a sharp singlet at 8.78 ppm, in addition to the characteristic 19 F NMR signal for PF 6 -. Extensive heating or prolonged reaction time were found to increase the yields of 6a and 6b. However, no isolable amount of side products was obtained in other cases.
Single crystal structure of 6b confirmed the formation of positively charged [Ir(FFppy) 2 (N^N_trpy)] + . As shown in Figure 3a 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 agreement with the 19 F NMR spectrum. The two Ir-N(FFppy) bonds trans to each other (2.048(2) and 2.047(3) Å) are the same as those previously reported for [Ir(FFppy) 2 (N^N_trpy)]BF 4 (2.056 and 2.048 Å), where N^N_trpy refers to pyridine-N-biphenyl-1,2,3-triazole. 38 The two trpy-based Ir-N bonds are elongated due to the strong trans influence of the Ir-C(FFppy) bonds.
It is interesting to note that the Ir-N(triazolyl_trpy) bond (2.118(2) Å) is shorter than the N(pyridyl_trpy) bond (2.151(2) Å). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57 58 59 60 In an attempt to obtain fac-Ir(C^N) 2 (trpy), 2a and 2b were heated in glycerol at 200 °C for twenty hours before treated with saturated NaCl solution (Scheme 2). Unlike previous cases reported in the literature, ligand scrambling products were not observed, based on 1 H NMR and HRMS characterization of the crude reaction mixture. Nevertheless, 1 H NMR spectra indicated that compounds 7a and 7b had similar structure to 6a and 6b. The characteristic singlet peak from the triazolyl C-H bond was shifted downfiled to 9.07 ppm and 10.95 ppm for 7a and 7b , respectively. Additionally, a PF 6 signal was not observed in the 19 F NMR spectrum.
Isomerization
Single crystals of compound 7b were obtained by slow diffusion of hexane into a dichloromethane solution. It is worth noting that 7b crystallizes in the P2 1 space group (Z = 2) with only the ∆ helimer ( Figure 3b ). Such enrichment of one optical isomer from a racemic mixture is very rare for transition metal complexes with bidentate ligands. Limited literature reports on the separation of ∆ and Λ isomers of cyclometalated compounds indicate the need for either rigid chiral ligands 44 or chiral chromatography techniques 45 . The coordination around the Ir(III) center in 7b greatly resembles that of 6b, with the trpy ligand acting as a neutral N^N chelate. However, the counter anion is a chloride ion in this case, which likely arise from the saturated brine solution used during the work-up procedure. Indeed, 6b and 7b are 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 interchangeable through simple ion exchange reactions. Treatment with one equivalent of AgPF 6 in dichloromethane, affords 6b from 7b quantitatively. Conversely, 6b can be converted back to 7b using excess NaCl.
Such switching of the binding mode of trpy ligands, from C^N to N^N, could also be achieved photochemically. Broadband UV radiation of DMSO-d 6 solutions of 2a and 2b afforded the respective cationic Ir(III) species. The conversion was monitored by 1 H NMR spectroscopy, and only a single product was observed ( Figure 4 ). After the isomerization was completed, the reaction mixtures were treated with excess saturated NaCl solution. The isolated products showed identical NMR and HRMS spectra to those of 7a and 7b, respectively. Evidence of the formation of fac-Ir(C^N) 2 (trpy) under either the thermal or the photochemical conditions was not obtained. Moreover, treatment of 2a with acetic acid and silica gel in dichloromethane also failed to produce the fac isomer. 46 The mechanism of the mer-to-fac isomerization of tris-cyclometalated Ir(III) compounds is believed to involve the dissociation of one of the mutually transoid nitrogen atoms and 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 protonation of at least one of the Ir-C bonds as indicated by the unavoidable ligand scrambling. 17, 42 The proton source is either the alcoholic solvent or the activated C-H bond of an incoming ligand. The energy needed for the C-H activation is compensated by the rearrangement of the coordination geometry and the chelation effect. However, the trpy ligand used in this study can offer both C^N and N^N coordination modes, the latter being an analogue of the commonlyused bipyridine ligand. As discussed in the previous section, the Ir-C(trpy) bond is considerably longer than the Ir-C(ppy) bonds in 2a and 2b. Therefore, it is most likely to be activated prior to either the Ir-C(ppy) or Ir-C(FFppy) fragments upon heating or UV radiation. Once the triazole C-5 is protonated, the N^N chelating mode of the trpy offers a thermodynamically stable product, which prevents isomerization of the ppy ligands. It should be pointed out that the proton source is the glycerol solvent during the thermal isomerization, as previously reported for the mer-to-fac isomerization. 17, 42 The counterion during the thermal isomerization is likely to be glycerolate ions before the addition of NaCl. In the case of photochemical isomerization, the integration of the singlet corresponding to the triazolyl C-H increased proportionally with other aromatic protons from the ppy and trpy ligands, which precluded the formation of C-D bond ( Figure S5 ).
A slight increase of the pH values of the reaction mixture was also observed, in agreement with the formation of hydroxide counterions. Therefore, it is likely that the residual water acted as the proton source instead of DMSO_d 6 .
This speculation is further supported by control reactions attempted to prepare heteroleptic cyclometalated Ir(III) compounds following the established procedures (Scheme 3). 18, 47 However, only the N^N chelating complexes could be isolated even in refluxing ethoxyethanol. Therefore, the transmetalation approach described in this work is most likely the only way to use the trpy ligand as a C^N chelator. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 60
Electronic Spectroscopy
The absorption spectra of all the meridional tris-cyclometalated Ir(III) complexes are given in which may be responsible for the photoisomerization processes described in the previous section. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57 58 59 60 The absorption spectrum of FFppy-based 2b exhibits similar spectral features to 2a, except for a hypsochromic shift, consistent with the absorption spectra of the free ppy and FFppy ligands.
Unlike its ppy-based analogues, 2b exhibits a more structured and narrower PL spectrum in solution, with an emission maximum at 464 nm. Similar trends have also been observed with other Ir and Pt compounds bearing FFppy ligands. 17, 48 It has been recognized that the difluoro substitution stabilizes the HOMO more than the LUMO level, resulting in an increase in the band gap. 4,49 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Although there is little change in terms of the band shape or emission color of compounds with different substituents on the trpy ligands (2a-5a), greater differences are observed in the luminescence efficiency. The perfluorooctyl pedant chain rigidifies the molecule and provides efficient insulation between individual molecules. 50 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Many potential applications can be envisioned considering the huge library of organo azides established in the literature.
The is attributed to varying packing interactions when the cations are not fully solvated. 38 Indeed, an 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 examination of the packing diagrams of 6b and 7b reveals that PF 6 and Clions show different H-bonding interactions with the FFppy and trpy ligands in the solid state ( Figure S1 -2).
In order to gain insights into the different electronic structures and photophysical properties of 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 LUMO is localized primarily on the ppy ligand that has transoid Ir-C bond with the trpy. Such atomic orbital composition of the frontier molecular orbitals is very typical for meridional biscyclometalated Ir(III) complexes. 17 The absence of a significant contribution from the substituted triazolyl group to the frontier orbitals explains the almost identical absorption and emission spectra observed for 2a-5a. The LUMO for [Ir(ppy) 2 (N^N_trpy)] + , on the other hand, is 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57 58 59 60 In summary, we demonstrated that Cu(I)-triazolides generated by click chemistry can be used to facilitate the synthesis of tris-cyclometalated Ir(III) complexes. This route represents an efficient one-pot procedure for both ligand preparation and cyclometalation. mer-Ir(C^N) 2 (trpy) with various substituents of the triazole groups are isolated in moderate to high yields and fully thermodynamically favored comparing to the anionic C^N mode. Therefore, the transmetalation approach described in this work is required to utilize trpy as a cyclometalating ligand.
Experimental Section
General Methods and Instrumentation. All reactions were performed under an argon atmosphere, using oven-dried glassware and standard Schlenk techniques. 1 H and 13 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Hz, 1 H), 6.88 (t, J=7. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Preparation of mer-Ir(ppy) 2 (trpy-C 2 H 4 C 8 H 17 ) (3a 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Thermal Isomerization from 2a to 7a. 20 mg of 2a was suspended in 5 ml glycerol under Ar.
The mixture was heated to 200 °C for 12 h. After cooling to room temperature, the slurry was added with saturated NaCl aqueous solution and extracted with CH 2 Cl 2 . The crude mixture was subjected to HRMS (ESI), which showed that there is only trace amount of Ir(ppy)(tzpy) 2 (<1%). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58 and refined against F 2 on all data by full-matrix least squares with SHELXL-97 58 following established refinement strategies. 59 All non-hydrogen atoms were refined anisotropically.
Except for the two hydrogen atoms on the water molecule in the structure of 7b, all hydrogen 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 atoms were included into the model at geometrically calculated positions and refined using a riding model. Coordinates for the two water-hydrogen atoms were taken from the difference Fourier analysis and the hydrogens were subsequently refined semi-freely with the help of distance restraints. The isotropic displacement parameters of all hydrogen atoms were fixed to 1.2 times the U value of the atoms they are linked to (1.5 times for methyl groups). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 simplified X-ray structures of 2a and 6b respectively, with the hexyl groups replaced with methyl groups and F atoms with H atoms, and optimized without any constraints.
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Efficient synthesis of heteroleptic tris-cyclometalated Ir(III) complexes is achieved by using the Cu(I)triazolide intermediates formed in "click" reactions as transmetalating reagents. Ligand preparation and cyclometalation of Ir(III) is accomplished in one pot. This method is general and provides opportunities to introduce different functional groups to the cyclometalated system for various applications. Moreover, this transmetalation approach is required to utilize trpy as a cyclometalating ligand, since the neutral N^N chelating mode is thermodynamically more favored than the anionic C^N mode. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
